Biology of extremophilic and extremotolerant methanotrophs.
This review summarizes recent findings on the biology of obligate methanotrophic bacteria living in various extreme environments. By using molecular ecology techniques, it has become clear that obligate methanotrophs are ubiquitous in nature and well adapted to high or low temperature, pH and salinity. The isolation and characterization of pure cultures has led to the discovery of several new genera and species of extremophilic/tolerant methanotrophs. Their major physiological role is participation in the methane cycle and supplying C(1) intermediates and various metabolites to other members of microbial communities in extreme ecosystems. To survive under extreme conditions, methanotrophs have developed diverse structure-function adaptive mechanisms including cell-surface layer formation, changes in cellular phospholipid composition and de novo synthesis of organic osmolytes such as ectoine, 5-oxoproline and sucrose. However, despite the above advances, basic knowledge of other stress protectants, as well as bioenergetic and genetic aspects of methanotroph adaptation, is still lacking. This information is necessary for better understanding the molecular mechanisms underlying the versatility of methanotrophs and for the development of novel biotechnological processes.